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Introduction
The consumption of raw or under-

cooked shellfish has caused numerous
outbreaks ofbacterial and viral enteric dis-
eases worldwide.1-18 In the United States,
outbreaks of hepatitis A (HA)4-8 and of
Norwalk gastroenteritisl5-'7 caused by the
consumption of raw shellfish have been
reported regularly since 1962, and raw or
undercooked clams or oysters were impli-
cated as the most frequent vehicle of
infection.4-8 13-7 To prevent the occur-
rence of such outbreaks, many states have
adopted regulations to prevent the har-
vesting and distribution of shellfish con-
taminated by human fecal pathogens.19
However, these regulations have not pre-
vented raw shellfish-bome outbreaks of
HA8 and Norwalk virus gastroenteri-
tis.16,17 These outbreaks were linked to
shellfish by epidemiologic data; however,
to our knowledge hepatitis A virus (HAV)
has not been identified in implicated shell-
fish during outbreaks in the United States.

We describe a large multistate out-
break of HA caused by the consumption
of Florida raw oysters. During this out-
break we were able to identify HAV in
illegally harvested oysters that we believe
were the source of infection, using an en-
zyme immunoassay (EIA) and in vitro nu-
cleic acid amplification, a method poten-
tially applicable to monitoring the
microbiological suitability of shellfish in-
tended for human consumption.

Methods

Background
In early August 1988, cases of HA

were reported among Alabama patrons of
Panama City, Florida, seafood restaurants

and oyster bars. Panama City, located on
the Gulfof Mexico, is surrounded by three
bays (East, West, and North Bay) where
shellfish, particularly oysters, grow natu-
rally. Registered fishermen harvest oys-
ters according to a management plan mon-
itored by the Florida Department of
Natural Resources. Oyster beds are clas-
sified as approved, conditionally ap-
proved, or prohibited for harvesting ac-
cording to factors such as rainfall, water
salinity, and water coliform counts. For 7
years before 1988, the bays surrounding
Panama City were closed to oyster har-
vesting each year from June 1 to August
31. However, in 1988, summer harvesting
was permitted in North Bay.

Epidemiologic Investigation
A case ofHAwas defined as a person

who was IgM antibody positive to HAV,
or who was diagnosed with HA by a phy-
sician during July or August 1988, and
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who had attended a seafood event 10-50
days before symptom onset. Cases were
ascertained by contacting neighboring
states, all local Florida health depart-
ments, and Panama City hospitals and
physicians, and through interviews with
case-patients and managers of seafood es-
tablishments.

We conducted a case-control study in
August 1988. All case-patients reached by
telephonewere included in the case group.
The non-ill meal companions named by
each patient (0to 3 companions named per
patient) were included in the control group
if they did not develop any symptom of
HA during the 10- to 50-day period fol-
lowing the seafood meal, if they did not
report a past history of HA or jaundice,
and if they had not received immune glob-
ulin during the previous 3 months. Serum
specimens were not obtained to detect
asymptomatic infection among controls.
A standardized questionnairewas used for
telephone interviews with cases and con-
trols to ascertain health status and food
consumption during the seafood event.

The direct and indirect costs of the
outbreak were estimated from medical in-
formation obtained during the case-con-
trol study. Direct cost was calculated us-
ing mean routine medical fees at local
hospitals; indirect cost was calculated at a
mean salary of $100 per day ofwork lost.

To estimate attack rates (ARs) for
oyster bar patrons, we reviewed oyster
invoices and records in Panama City sea-
food establishments where patients had
eaten. ARs were calculated per 1000
dozen raw oysters served byweek and by
establishment.

Crude odds ratios (OR) and 95% ex-
act confidence intervals (CI)20 were cal-
culated for each food and exposure inves-
tigated. Statistical tests used included x2
with Yates correction, the two-tailed
Fisher exact test, the x2 for trend, and the
Student t test for continuous variables.
When case-patients had eaten in more
than one restaurant during the exposure
period, the analysis of data was restricted
to the restaurantwhich had reported other
case(s) being exposed on the same day.

Environmental Investigation
We traced the origin of oysters by

reviewing oyster bag tag numbers re-
corded by seafood establishments. Infor-
mation on illegal oyster harvesting activi-
ties in Panama City coastal waters was
obtained from the Florida Marine Patrol.
Coliform count records from shellfish
growing areas and at a sewage treatment
plant (plant A) were reviewed. We in-

spected Panama City approved and unap-
proved oyster growing areas to search for
sources of fecal pollution and collected
samples of oysters and water from ap-
proved (North Bay) and two unapproved
areas (Watson and Beatty Bayou), scal-
lops from a scallop growing area (Shell
Island), and sludge from another sewage
treatment plant (plant B) located in Wat-
son Bayou. We also obtained frozen raw
oysters that had been illegally harvested in
Watson Bayou in early August 1988 and
confiscated by the Florida Marine Patrol.

Laboratory Investigation
Coliform counts were done on water

and oyster meat samples using the three
tube five dilution technique.21 For the de-
tection of HAV antigen and nucleic acid,
individual shellfish (oysters and scallops)
were removed from the shell; the digestive
tract, mantle, and muscle were minced;
and material from two specimens was
pooled, homogenized in phosphate buffer
saline + 0.1M ethylene diamine tetra ac-
etate (EDTA), and clarified by centrifuga-
tion. Separate instruments were used to
prevent cross-contamination of speci-
mens. Supernatants of the homogenated
shellfish were tested for HAV antigen us-
ing a previously described EIA.22 HAV
was quantitated from a standard curve
prepared from cell culture-derived HAV,
strain HAS-15,23 and diluted in oyster
meat homogenate supernatant fluid from
oysters not implicated in an illness out-
break. Sludge samples from the sewage
treatment plant were prepared as a 10%
(whv) suspension, sonicated, and clarified
by centrifugation, and the supernatant
was tested for HAV antigen.

Specimens (resuspended homoge-
nate pellets, homogenate supematant, and
sludge) were tested for HAV-RNA by in
vitro nucleic acid amplification using the
polymerase chain reaction (PCR). HAV-
RNA was obtained by immunocapture of
viruswith the capture antibody used in the
HAV-Ag EIA24 followed by heating at
900°C in reverse transcriptase buffer for
3-5 minutes. The oligonucleotide primer
complementary to HAV-RNA was an-
nealed at 90°C for 3 minutes, cooled on
ice, and cDNA was synthesized at 42C
for 1 hour with 200 lamoles dNTP's, 5
units AMV reverse transcriptase, and
RNAscin.25 The second primer was
added and HAV-cDNA was converted to
double-stranded DNA and amplified with
a heat stable (Taq) polymerase in a ther-
mal cycler for 30 cycles (DNA Thermal
cycler, Perkin-Elmer Cetus, Norwalk,
Conn). Amplified nucleic acid products

were analyzed by electrophoresis at 10
volts/cm on a horizontal gel (Hoefer Sci-
entific Instruments, San Francisco, Calif)
in a composite agarose gel of 3% NuSieve
and 1% Sekem (FMC Bioproducts, Rock-
land, Md) prepared in Tris-borate-EDTA
buffer containing 0.5 pghml ethidium bro-
mide. DNA specific for the amplified re-
gion of the HAV genome was identified by
hybridization using a 32P kinase-labeled
oligonucleotide probe that was internal to
the two limiting primers used in the PCR.25

Results

Epidemiolgic Investigation
Sixty-one case-patients were identi-

fied; all but two had been tested and were
IgM anti-HAV positive. Of 53 patients in-
terviewed, all but 1 stoppedworkingwhile
ill and 17 (32%) were hospitalized (range =
2-21 days, median = 4 days). The dura-
tion of illness ranged from 7 to 49 days
(median = 21 days), and the median num-
ber of visits to a physician while ill was
four per patient (range = 1-13 visits).
There were no deaths; seven secondary
cases occurred among household contacts
of case-patients. The total cost of the out-
break was approximately $200 000:
$73 000 for direct costs, i.e., medical care
and the outbreak investigation, and
$130 000 for indirect costs associated with
lost work days.

Illness onset ranged from July 4 to
August 15 (Figure 1), the exposure period
from June 3 to July 21, and the incubation
period from 16 to 48 days (median = 29
days). Case-patients lived in Alabama (23
persons), Georgia (18), Florida (18), Ten-
nessee (1) and Hawaii (1). Case-patients
ate in seafood restaurants or oyster bars in
Panama City (53 persons, 86.9%), in a res-
taurant in Alabama that served oysters
harvested in Panama City (3; 4.9%), and at
private family gatherings in Panama City
(5; 8.2%). Age ofpatients ranged from 8 to
60 years (median age = 31 years), and 49
(80.3%) were male.

Fifty-three case-patients and 64 con-
trols were enrolled in the case-control
study. Cases tended to be younger than
controls (mean age = 27.5 and 32.2 years,
respectively; P = .02) and were more
likely to be male (81 vs 39%; P < .001).
The risk of HA was greater for patrons
who ate raw oysters than for patrons who
did not (OR = 24.0; P < .001) (Table 1)
and increased with the numberofraw oys-
ters ingested (Table 2). Of the two case-
patients who did not eat raw oysters, one
ate baked oysters, and the other ate raw
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FIGURE1-Casesof hepatitsAby date ofonset, oyster assocated hepatitisA out-
brak, Floria, July-August 1988.

scallops caught at Shell Island beach. No
other food items were associated with ill-
ness (Table 1), and the numberofraw oys-

ters eaten (>12 vs <12) had no effect on
incubation period (<30 days; 55% vs48%;
rate ratio [RR] = 1.1;P = .9), duration of

illness (>20 days; 79% vs 74%; RR = 1.1;
P = .9), or hospitalization rate (29% vs
33%; RR = 1.1; P = .9).

During the exposure period, the 11
Panama City establishments associated
with cases served approximately 27 900
dozen raw oysters. The median amount
served perweekwas 3500 dozen (range =
1950-4800) (Figure 2), and the median
number served by each establishmentwas
1994 dozen (range = 1050-8230). The
overall AR was 1.9 cases per 1000 dozen
raw oysters served with a peak during the
third week of June (Figure 2). ARs by es-
tablishment ranged from 0.1 to 18 cases
per 1000 dozen raw oysters, and most
case-patients (44/52; 84.6%) had eaten raw
oysters in one of four restaurants (A-D,
Table 3).

Environmental Investigation
Seafood establishments and private

individuals purchased raw oysters from
wholesalers who obtained most of their
oysters from Panama City-registered fish-
ermen. Panama City bays met the defined
safety standards at the time they were
opened. Information gained from the Flor-
ida Marine Patrol indicated that illegal
oyster harvesting at night was common
during the summer of 1988, particularly in
Watson Bayou where bootleggers arrested
in early August had obtained multiple bags
that they sold directly to some restaurants
and oyster bars in Panama City.

Inspection ofWatson Bayou showed
failing septic tanks, boat sewage disposal,
and sewage treatment plant sludge in
proximity to unapproved oyster beds. Re-
view ofcoliform counts at the effluent out-
fall of sewage treatment plantA was high
[>16 000 most probable number (MPN)]
from March through April 1988 and again
in July, but not duringMay and June. This
plant discharged approximately 1 mile
from Watson Bayou.

Laboratory Results
Coliform counts higher than the max-

imum allowed were found in the water of
two unapproved beds, although the oyster
meat of only one of the beds was abnor-
mal, and no human fecal pollution was
detectable in the approved areas (Table 4).
One of the three oyster pairs from ap-
proved beds of North Bay, all four scal-
lops obtained from Shell Island, two oys-
ter pairs from one of the beds sampled in
Watson Bayou, and Watson Bayou oys-
ters confiscated from a bootlegger were
positive for HAV antigen by the EIA.
HAV-RNA was detected by PCR in all
oyster samples positive for HAV antigen
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by ETA (Table 4). However, two oyster
samples HAV antigen negative by EIA
were positive for HAV-RNA by PCR in-
cluding a sample from Beatty Bayou,
whichwas unapproved, and a sample from
North Bay approved oysterbeds (Table 4).
Suspensions of sludge obtained from the
sewage treatment plant were negative for
HAV antigen and forHAV-RNAby PCR.

Diwussion
This oyster-borne outbreak ofHA is

the largest reported in the United States
since the 1973 Louisiana outbreak that in-
volved 263 cases.8 Although all case-pa-
tients recovered from their illness, the
economic burden of the outbreak was
high.

The risk of illness increased with the
number of raw oysters consumed, sug-
gesting a dose-response effect. However,
there was no relationship between the
quantity ofraw oysters consumed and the
incubation period, the duration, or the se-
verity of illness. These findings suggest
that the number ofoysters eaten increased
the chance of eating an infectious oyster
rather than increasing the amount ofvirus
ingested, which has been shown to de-
crease the incubation period.26

Although the case-control study
showed that males had a greater risk of
HA, this association is probably related to
the use of eating companions of case-
patients as controls: Florida adult males
are more likely to eat raw oysters than
females (Florida Behavioral Risk Factor
Survey, Department of Health and Reha-
bilitative Services, unpublished data,
1988) and therefore to develop oyster-
borne HA. Thus, controls as meal com-
panions of case-patients were more likely
to be females (spouse or girl friend).

Although the environmental investi-
gation was not successful in definitively
identifying the origin and the distribution
of the contaminated oysters, we believe
that contaminated oysters illegally har-
vested from unapproved waters were re-
sponsible for the vast majority of cases.
However, we cannot exclude the possi-
bility that some cases may have been
caused by contaminated oysters har-
vested from approved beds of North Bay
because both EIA and PCR identified
HAV in oysters sampled there. Neverthe-
less, several factors strongly suggest that
this outbreak was the result of bootleg-
ging. First, because North Bay is the most
common source of raw oysters served in
Panama City, the observation of higher
ARs of HA in four establishments sug-
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FIGURE 2-Raw oysters sered (bar) and attck rate of hepatitisA per 1000 dozen raw
oysters served irne) by week of exposure, oyste d hetis A
outbreak, Florida, June-July 1988.

gests that more contaminated oysters
were sold in those four establishments
than in the other establishments. Second,
according to anecdotal reports, many oys-

ters had been illegally harvested from
Watson Bayou in June and July 1988 and
sold to specific seafood establishments in
Panama City. Third, HAV was identified
in oysters obtained directly from Watson
Bayou and in oysters confiscated from a

person who was arrested for illegal har-
vesting there. We also believe that the
opening of Panama City coastal waters to
summer harvesting after 7 years of sum-
mer closure facilitated the sale of the lo-
cally bootlegged oysters.

The raw scallops, eaten by one case-

patient not exposed to oysters, were har-
vested off Shell Island where scallops
were also found to contain HAV. This
area is approximately 5 miles downstream
from Watson Bayou, and a common

source of fecal pollution may explain the
contamination of shellfish from both loca-
tionS.l4,l5,l8.r

In the past, the isolation of viral
pathogens from shellfish implicated in dis-
ease outbreaks has been difficult.27 The
finding of HAV by immunoassay in oys-
ters obtained from the various harvesting
areas indicated high levels of contamina-
tion. Even in the approved areas, oyster
and scallop samples were positive for
HAV by either or both EIA and PCR,
which suggests that contamination may

have been more widespread than was

originally suspected. Virus isolation by
cell culture was not attempted because of

the extreme difficultyingrowingwild-type
HAV from environmental samples.28
While direct proof of infectivity of either
HAV-antigen orHAV-RNA positive oys-
ters was not obtained, the epidemiologic
evidence for infectivity was substantial,
and it has been shown that HAV remains
viable for long periods of time in water.28

The application of rapid viral diag-
nostic methods (ETA or PCR) for the iden-
tification of HAV and presumably other
viral pathogens in shellfish has the poten-
tial for assuring the quality ofthis raw food
product. However, these methods must
be verified by infectivity studies in cell cul-
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ture ornonhuman primates. This outbreak
points out the failures of current regula-
tions in assuring the quality of raw shell-
fish because enforcement cannot effec-
tively prevent illegal harvesting, and it
suggests that even approved areas may be
contaminated with HAV. Emphasis must
be placed on increasing the public aware-
ness ofthe health risks associated with the
consumption ofraw or undercooked shell-
fish. [
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